ONE of the most frustrating and frequent problems faced by the pediatric cardiologist is that of differentiating between a child with mild and physiologically unimportant congenital aortic stenosis and one whose lesion is severe and therefore potentially dangerous. In an asymptomatic younger child with the typical murmur and thrill of aortic stenosis but no evidence of left ventricular hypertrophy on vectorcardiogram, electrocardiogram, or x-ray, the problem may not be acute as far as clinical management is concerned, since procrastination is probably indicated. The situation is drastically altered, however, when a 12-year-old seeks permission to engage in a competitive sport or to participate in a strenuous physical-education program, and a definite answer must be given.
That aortic stenosis can be a treacherous and lethal lesion has been extensively documented, and it is now generally accepted that when the aortic systolic transvalvular pressure gradient is over 50 mm Hg at a normal cardiac output, or when the calculated aortic Children's Hospital, Birmingham, Alabama.
Supported by Grants HE-06353 and HE-11310-01 from the National Institutes of Health, U. S. Public Health Service. 238 Congenital heart disease Murmur valvular area is under 0.5 cm2, restriction of competitive activity is indicated, and surgery may be advisable. The errors inherent in estimating this gradient with clinic information have been pointed out by many investigators who have shown that, although the statistical correlation between the electrocardiogram or vectorcardiogram and the transvalvular pressure gradient is high, it is not sufficiently dependable to be used with confidence when making an important decision in an individual patient.'-3 The physician examining an adolescent with an aortic stenotic murmur therefore is faced with this dilemma: to allow a patient with a possibly dangerous lesion to engage in competitive sports, thus exposing him to a potentially life-endangering situation; to restrict him to a rather sedentary life, although his heart may be physiologically normal; to accept the risks inherent in left heart catheterization in order to gather sufficient data to ensure a logical decision. It is the purpose of this paper to present evidence that the ultra-low frequency force (acceleration) ballistocardiogram offers a very reliable method of differentiating mild from severe aortic stenosis and may be used with a high degree of confidence in separating patients truly needing left heart catheterizaCirculation. Volume XXXVII, February 1968 tion from those with a loud murmur but low transaortic pressure gradient.
The force or acceleration ultra-low frequency ballistocardiogram is a recording of the acceleration of the body in a head-to-foot direction produced by changes in the center of gravity of the body as blood is ejected by the heart into and through the great vessels. 4 The wave forms so recorded are constant and can be correlated with the physiological events of the cardiac cycle ( figs. 1 and 2 ). The nomenclature of the wave forms to be used in this communication is that recommended by the Committee on Ballistocardiographic Terminology created by the American Heart Association. 5 The first deflection of the ballistocardiogram following the beginning of the P wave of the electrocardiogram is the F-G component. This negative wave segment, representing a footward movement of the body, begins simultaneously with the peak of the a wave from the left atrium and ends with the beginning of ventricular systole ( fig. 2) . The second constant component, the G-H wave, a positive and therefore headward movement, occurs during isometric contraction of the ventricles and, since it is probably produced by the movement of the heart during isometric contraction, ends in a sharp peak as the first heart sound is produced ( fig. 2 ). The strong negative deflection, which begins with semilunar valvular opening, is the H-I segment, caused by a sharp footward motion of the body as the mass of blood is ejected from the heart into the great vessels during the rapid ejection phase of systole. This footward acceleration reaches its maximum in the child in 50 to 60 milliseconds, and its duration is remarkably constant in the normal child. In children with a condition affecting myocardial contractility, the duration of this segment is often strikingly prolonged, that is, endocardial fibroelastosis or myocarditis, and it therefore can be used as an aid in differentiating myocardial from obstructive lesions.
The I-J segment represents deceleration of the body in a footward direction. This important wave is inscribed as the mass of Circulation, Volume XXXVII, February 1968 ejected blood rounds the aortic arch and enters the descending aorta and occurs simultaneously with the peak of the systolic pressure curve from the left ventricle. As will be seen, it is this component that is grossly changed when ejection of blood from the heart into the aorta is compromised. When, as occurs in coarctation of the aorta, the blood is obstructed in its movement from the arch into the distal aorta, the J-K segment is unusually prolonged.
Normally, the J wave returns to the baseline long before the aortic and pulmonary valves close, and the latter segment of systole is characterized by the K-L wave, a positive deflection that terminates with the second heart sound.
The next sharp footward movement of the body, the L-M wave ( fig. 1 Ultra-low frequency bed used for children weighing from 35 to 120 pounds. paired myocardial contractility due to "normal" aging, incipient coronary insufficiency, or other less known factors. In the normal young adult and child such nonspecific changes do not occur and can be essentially excluded in differentiating a normal from an abnormal tracing; thus an abnormal ballistocardiogram in the young person is almost always indicative of physiologically significant disease.
Methods
The 46 children included in this study varied in age from 5 days to 16 years. All had the classic findings of pure aortic stenosis, consisting of the typical systolic ejection murmur and thrill heard best in the first and second right interspaces and transmitted into the carotid vessels. Many had evidence of left ventricular Figure 5 Ultra-low frequency bed used for infants and children weighing up to 35 pounds. 
